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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

The present invention relates to an architectural 
material, and more particularly to an architectural mate- 
rial excelling in deodorizing, antimold, and antisoiiing 
properties, and further to an architectural material ex- 
celling in peel resistance and durability, as well as a sim- 
ple method for manufacturing an architectural material 
excelling in the deodorizing property and durability. 

Description of the Related Art: 

As environmental problems have come more into 
focus, issues of deodorizing indoor spaces, and anti- 
mold and antisoiiing properties of architectural material 
surfaces, and the like have come to attract attention. 

Concerning deodorization, a method is convention- 
ally known in which an apparatus or a piece of equip- 
ment is used for exhausting unwanted odors to the out- 
side. As for antimold needs, the removal of molds by 
means of chemicals is performed by selecting an appro- 
priate chemical according to the kind of mold. Regarding 
antisoiiing needs, periodical cleaning by a person is only 
carried out. 

Odors, molds, and soiling are essentially attributa- 
ble to microorganisms, such as bacteria, yeasts and 
molds, and animal and plant cells. Accordingly, the at- 
tempt to deodorize and prevent molds and fouling can, 
in principle, be considered as the destruction of these 
cells, i.e., sterilization. Generally known methods of 
sterilization include heating, irradiation with ultraviolet 
or other radioactive rays, cell destruction by means of 
ultrasonic waves, electric sterilization, gas sterilization, 
and sterilization using chemicals including antibiotics. In 
addition, a sterilization method using fine particles of a 
photo-semiconductor is also known. As part of this line 
of effort, basic research is being undertaken on the re- 
moval of organic and inorganic contaminants in water 
and air by using titanium dioxide photocatalysts. Name- 
ly, semiconductors such as titanium dioxide are known 
to exhibit a photocatalytic function by means of a light 
of a specific wavelength and possess deodorizing and 
antimold functions through their powerful oxidizing ac- 
tion. It is stated on page 21 1 of Vol. 1 3, No. 5 (1 985), of 
the "Bohkinbohkabi (Fungus and Mold Prevention) 
JournaP that a fixed film consisting of fine particles of 
titanium dioxide is useful as a sterilizing reactor. In ad- 
dition, Japanese Patent Publication No. 9850/1 990 dis- 
closes a method of purifying wastes by the use of a sem- 
iconductor, such as titanium oxide, which carries a metal 
or a metal oxide therein. 

Conventionally, titanium dioxide, iron oxide, tung- 
sten oxide, silicon oxide and the like having a semicon- 
ductorf unction, or such metals carrying a second metal, 



such as platinum, thereon for the purpose of improving 
the catalytic function are used as photocatalysts. To 
make use of the deodorizing and antimold functions, 
such metals are pulverized into fine particles to form a 
5 fixed film on a surface, or the fine particles are used by 
being dispersed in an object to be treated. 

The document JP-A-3 073 304 discloses a building 
article comprising a wooden base having a light-receiv- 
ing surface and used as an architectural material or 
10 building material; and at least one metal oxide layer or 
thin film exhibiting photocatalytic activity and selected 
from the group consisting of titanium dioxide, aluminium 
oxide and silicon oxide, said at least one metal oxide 
layer being formed on a surface of said base. 
is Although various studies have been made regard- 
ing methods of imparting the deodorizing and antimold 
functions to architectural materials by making use of the 
photocatalytic function, in accordance with the above- 
described method, particles are troublesome to handle 
as materials. The known fixed films have only been used 
experimentally, and their strength is not sufficient. The 
fabrication of semiconductor materials into thin film has 
been industrially difficult, and has not yet been put to 
practical use. 

As described above, for deodorizing, an apparatus 
or piece of equipment must have a sophisticated func- 
tion and made large in size, which results in high running 
cost and is clearly uneconomical. Moreover, since air is 
exhausted through an opening of a limited size, it is ex- 
tremely difficult to deodorize the entire indoor space. 
The conventional antimold method is no more than a 
short-term measure, and the long-term maintenance of 
the antimold property remains unresolved. As for the an- 
tisoiiing property, if the cleaning of the outer wall surfac- 
es of large buildings is considered, huge expenses are 
required for manpower needed for cleaning, and, since 
the long-term maintenance of the antisoiiing property is 
not ensured, repeated cleaning operations are unavoid- 
ably carried out. Furthermore, as for the deodorization, 
antimolding, and antisoiiing of architectural materials, 
the conventional sterilization methods are either imprac- 
tical or difficult to put to practical use in the light of long- 
term maintenance, economy, technical difficulties, inex- 
perience in techniques, and the like. 

SUMMARY OF THE INVENTION 

In view of the above-described circumstances, it is 
a primary object of the present invention to provide an 
architectural material which excels in the property of de- 
odorizing an indoor space which comes in contact with 
the architectural material and in antimold and antisoiiing 
properties, as well as ultraviolet-ray absorb en cy of the 
surface of the architectural material, and excels in the 
long-term maintenance of these properties and eco- 
nomic efficiency, without impairing features of design. 

A second object of the present invention is to pro- 
vide an architectural material which, in addition to deo- 
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dorizing and antimold functions imparted by using a 
photocatalytic function, has high efficiency in the photo- 
catalytic function, is easy to manufacture, has high 
strength, excels in the peel resistance and durability, 
and facilitates processing into a shape suited to a pur- 
pose. 

A third object of the present invention is to provide 
a simple method of manufacturing an architectural ma- 
terial which is uniform and excels in durability and deo- 
dorizing and antimold effects. 

The present inventors took note of the properties of 
metal oxides, architectural materials, characteristics of 
light and the like. As a result of conducting strenuous 
research the inventors attained the objects and complet- 
ed the present invention by providing a layer exhibiting 
photocatalytic activity on the surfaces of materials of 
various kinds. 

Furthermore, the present inventors attained the ob- 
jects and completed the invention by combining archi- 
tectural materials of various kinds with metal oxides ex- 
hibiting photocatalytic activity and capable of forming a 
desired transparent film. 

The architectural material in accordance with the 
present invention, when seen as a basic material, in- 
cludes nonferrous inorganic materials such as glass, 
stone, stone-quality products, and sintered clay prod- 
ucts; metallic inorganic materials such as iron and steel 
products. On these architectural materials, a thin film of 
a metal oxide needs to be formed. In this case, inorganic 
materials and heat-resistant organic materials are pref- 
erably used since the architectural materials are formed 
at a high temperature of, for instance, 400°C and be- 
cause of their affinity with the metal oxides. In a case 
where the formation of a thin film is possible at a rela- 
tively low temperature, ordinary organic materials may 
be used. 

The architectural material in accordance with the 
present invention is used suitably as an external wall 
material, a roofing material, an internal wall material, a 
flooring material, a ceiling material, and so on. More 
specifically, the architectural material is used for exterior 
surface portions including the external wall (including 
glass windows) and roof tiles, and interior surface por- 
tions such as interior walls of a living room, a toilet room 
and the like, a floor, and a ceiling. As specific examples 
of inorganic materials used for these portions, it is pos- 
sible to cite glass, tile, tiles used for roofing, concrete, 
stone, metal, and composite materials thereof. 

The metal oxide used in the present invention may 
be any of the semiconductors insofar as they are acti- 
vated upon being irradiated with light and drive oxidation 
and reduction reaction. For example, it is possible to use 
at least one compound selected from the group consist- 
ing of titanium dioxide, iron oxide, silver oxide, copper 
oxide, aluminum oxide, tungsten oxide, silicon oxide, 
zinc oxide, and strontium titanate. Also, metals or other 
metal oxides modifying this metal oxide may be used 
suitably for promoting the photocatalytic reaction, and it 



is possible to use at least one compound selected from 
the group consisting of, for example, platinum, palladi- 
um, gold, silver, copper, nickel, rhodium, niobium, tin, 
cobalt, ruthenium oxide, and nickel oxide. As the 
5 amount added to modify the metal oxide, it is preferable 
to use such metals or metal oxides in the range of from 
0.01 to 20 wt.% with respect to the metal oxide in the 
present invention. 

As the method of preparing the aforementioned 

10 metal oxide, the metal oxide may be prepared by high- 
temperature sintering of a metal, electrolytic oxidation, 
a chemical deposition process, a vacuum deposition 
process, a coating process, a coprecipitation process, 
an evaporation oxidation process such as a metallic hal- 

15 ogenation process, neutralization and hydrolysis of an 
inorganic metal salt, hydrolysis of a metal alkoxide, and 
a sol-gel process. Alternatively, a commercially availa- 
ble product may be used. As the method of modifying 
the aforementioned metal or other metal oxide, it is pos- 

20 sible to use a conventionally used method, such as a 
impregnation method, a precipitation method, an ion-ex- 
change method, an optoe I ect rode posit ion method, a 
kneading method. 

In the present invention, as for the method of form- 
es in g a thin film of a metal oxide on the architectural ma- 
terial, a method is adopted in which a metal oxide is fixed 
on a part or the whole of a surface of an architectural 
material having a planar, curved or complicated surface 
through at least one method, including spray coating, 

30 dip coating, spin coating, and sputtering. 

The metal oxide thin film formed as described 
above has deodorizing and antimold properties. Its 
structure, when seen microscopically, is porous, so that 
the strength of the film itself and the bonding force with 

3S respect to the architectural material, i.e., the base, are 
insufficient. As a result, there is a possibility that the thin 
film may become broken or peeled off while in use. Ac- 
cordingly, to improve the film strength and the bonding 
force with respect to the base, it is preferable to effect 

40 heat treatment. The conditions of heat treatment may 
be selected in accordance with the kind of metal oxide 
used, the strength and the deodorizing and antimold 
performance which are required of a portion for which 
the architectural material is used. For instance, in the 

45 case of titanium oxide, heat treatment is effected in the 
temperature range of from 1 00 to 800°C, preferably 200 
to 600°C. If the temperature is less than 100°C, the 
bonding force is insufficient. On the other hand, if the 
temperature exceeds 800°C, it is undesirable since the 

50 crystalline structure of the metal oxide undergoes a 
change, the photocatalytic activity is lost, and an internal 
crack occurs due to the difference in the coefficient of 
thermal expansion between the film and the base during 
cooling, resulting in a decline in the bonding force. Heat 

55 treatment is performed for about 20 to 120 minutes in 
an electric furnace. The architectural material is subse- 
quently allowed to gradually cool to room temperature. 
Sudden cooling is undesirable since a crack will occur 
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due to the difference in the coefficient of thermal expan- 
sion between the film and the base, causing a decline 
in the bonding force. 

The transparency of the above-described thin film 
is an important element in forming a thin film on an ar- 
chitectural material having a feature of design, such as 
glass. By setting the film thickness of the metal oxide to 
several microns or thereabouts, it is possible to obtain 
a transparent thin film having deodorizing and other 
functions. However, in a case where transparency is not 
necessarily required, the advantages of the present in- 
vention are not hampered even if this element is not tak- 
en into consideration. 

Light energy based on irradiation, which is used in 
the present invention, includes a wavelength region cor- 
responding to the excitation of photocatalysis. Specifi- 
cally, it is preferable to use light energy which includes 
an ultraviolet wavelength below 400 nm, which contrib- 
utes to the photocatalytic reaction. As the light energy 
source, it is possible to cite a natural light source from 
the sun, as well as an artificial light source such as light 
from a mercury lamp, light from a fluorescent lamp, light 
from a filament lamp like a halogen lamp, light from a 
short -arc xenon lamp, and a laser beam. In addition, as 
an auxiliary light source for the rays of the sun, an arti- 
ficial light source may be used concurrently. 

As the method of irradiation, it is possible to use a 
method in which the light is directly radiated onto the 
metal-oxide thin film formed on the architectural mate- 
rial, or, in the case of a transparent architectural material 
such as glass, it is possible to use a method in which 
the light is radiated onto the thin film therethrough, or 
sunlight and artificial light are used jointly to irradiate the 
thin film from various angles. 

In the present invention, if the light is radiated onto 
the material on which a metal-oxide thin film exhibiting 
photocatalytic activity is formed, odors, molds, and sub- 
stances constituting causes of soiling (hereafter re- 
ferred to as unwanted substances), which adhere to or 
are in contact with the surface of the architectural ma- 
terial where the thin film is formed, can be decomposed 
and removed at normal temperature photochemically 
through the photocatalysis of the thin film. Accordingly, 
unlike conventional techniques, physical labor, large- 
scale equipment and facilities, and maintenance are 
practically unrequired. At the same time, since such in- 
exhaustible energy as sunlight can be used as the light 
energy, unwanted substances can be decomposed and 
removed very economically and simply. As compared 
with conventional catalysts, such as oxidation catalysts, 
the metal oxide used as the photocatalyst in the present 
invention undergoes a small decline in activity due to 
heat deterioration and poisoning elements, so that the 
functions of decomposing and removing the unwanted 
substances, i.e., the deodorizing property, the antimold 
property, and the antisoiling property are maintained 
over long periods of time. In addition, the architectural 
material with a thin film formed thereon in accordance 



with the present invention absorbs ultraviolet rays. Ac- 
cordingly, if the present invention is applied to window 
glass with the thin film formed thereon, since the light 
passing therethrough does not include harmful ultravto- 
5 let rays, adverse effects are not exerted on human bod- 
ies, and it is possible to prevent the deterioration of in- 
terior materials such as the coating in a living room, wall 
covering, and tatami mats. 

As the mechanism of decomposing and removing 
10 unwanted substances on the metal-oxide thin film, 
which shows the photocatalytic activity, as the light en- 
ergy is made incident upon the metal-oxide thin film by 
irradiation, reaction -active electrons and holes are pro- 
duced on the surface of the metal oxide. These elec- 
ts trons and holes react directly with the unwanted sub- 
stances, or active OH radicals, which are produced as 
the electrons and holes react with water, react with the 
unwanted substances. This is considered to be the 
mechanism of reforming the unwanted substances. In 
addition, even if the reactivity of the above-described 
photocatalyst itself is not intense, the absorbed light en- 
ergy is converted into heat, presumably making it pos- 
sible to accelerate the reaction. 

Next, a description will be given of the architectural 
material in accordance with another aspect of the 
present invention. 

The architectural material in accordance with the 
second aspect of the present invention is structured 
such that the surface region of the architectural material 
includes an outer portion and an inner portion. The outer 
portion is formed of a metal mixture including a metal 
oxide which exhibits a photocatalytic function, such as 
titanium dioxide, and a second metal for improving the 
photocatalytic function, and the inner portion is formed 
of a metal mixture including a metal of the same kind as 
that which constitutes that metal oxide, such as titanium, 
and the second metal for improving the photocatalytic 
function, the outer portion as well as the inner portion 
being formed continuously. As such, a uniform photo- 
catalytic phase is formed on the surface, and the archi- 
tectural material demonstrates an excellent deodorizing 
and antimold effect by virtue of the efficient photocata- 
lytic reaction. In addition, since the photocatalytic phase 
is formed rigidly and continuously, the catalyst phase 
does not peel off, and processing is facilitated. 

In addition, in the method of manufacturing an ar- 
chitectural materia! in accordance with the present in- 
vention, the architectural material is manufactured by 
forming and processing a metal mixture (an alloy) which 
includes a metal of the same kind as the metal consti- 
tuting the aforementioned metal oxide, such as titanium, 
and a second metal for improving the photocatalytic 
function, and then subjecting the metal mixture to oxi- 
dation treatment. Accordingly, a uniform architectural 
material of an arbitrary shape which excels in deodoriz- 
ing and antimold effects can be obtained by a simple 
method. 

Other objects, features and advantages of the 
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present invention will become more apparent from the 
following detailed description of the invention when read 
in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 5 

Fig. 1 is a cross-sectional view of an apparatus for 
evaluating a deodorizing property in accordance 
T with an embodiment of the present invention; 
Fig. 2 is a diagram illustrating curves of acetalde- 10 
hyde (unwanted substance) residual rate due to dif- 
ferences in a light source in accordance with exam- 
ple 1 for evaluating the deodorizing property; 
Fig. 3 is a diagram illustrating curves of acetalde- 
hyde residual rate due to differences in a base of is 
an architectural material in accordance with exam- 
ple 2 for evaluating the deodorizing property; 
Fig. 4 is a diagram illustrating curves of acetalde- 
hyde residual rate due to differences in a metal-ox- 
ide thin film in accordance with example 3 for eval- so 
uating the deodorizing property; 
Fig. 5 is a diagram illustrating curves of acetalde- 
hyde residual rate due to differences in a metal-ox- 
ide thin film in accordance with example 4 for eval- 
uating the deodorizing property; ss 
Fig. 6 is a diagram illustrating curves of ultraviolet- 
ray absorption by an architectural material of the 
present invention with a thin film formed thereon in 
accordance with an example for evaluating ultravi- 
olet-ray absorbency; 30 
Fig. 7 is a cross-sectional view of the architectural 
material in use in the present invention with the thin 
film formed thereon, which is used as glass for an 
external wall portion in accordance with example 1 
of use; ■ 35 

Fig. 8 is a cross-sectional view of the architectural 
material in use in the present invention with the thin 
film formed thereon, which is used as glass for an 
external wall portion in accordance with example 2 
of use; 40 
Fig. 9 is a cross-sectional view of the architectural 
material in use in the present invention with the thin 
film formed thereon, which is used as glass for an 
external wall portion in accordance with example 3 
of use; 45 
Fig. 1 0 is a cross-sectional view of the architectural 
materia! in use in the present invention with the thin 
film formed thereon, which is used as glass for an 
interior portion in accordance with example 4 of use; 
Fig. 1 1 is a cross-sectional view of the architectural so 
material in use in the present invention with the thin 
film formed thereon, which is used for an external 
wall portion or a roof portion in accordance with ex- 
ample 5 of use; 

Fig. 1 2 is a cross-sectional view of the architectural ss 
material in use in the present invention with the thin 
film formed thereon, which is used as an interior ma- 
terial inside a building in accordance with example 



6 of use; 

Fig. 1 3 is a cross-sectional view of the architectural 
material in use in the present invention with the thin 
film formed thereon, which is used for an indoor de- 
odorizing device in accordance with example 7 of 
use; 

Fig. 1 4 is a cross-sectional view of the architectural 
material in use in the present invention with the thin 
film formed thereon, which is used for an indoor de- 
odorizing device in accordance with example 8 of 
use; 

Fig. 1 5 is a cross-sectional view of a model showing 
a composite phase in the architectural material ob- 
tained from a titanium-palladium alloy; 
Fig. 16 is a diagram of the state of a titanium-palla- 
dium binary system; 

Fig. 17 is a schematic diagram of an anodic oxida- 
tion treatment apparatus; 

Fig. 1 8 is a diagram of the state of a titanium-silver 
binary system of a metal mixture; 
Fig. 1 9 is a schematic diagram of a testing appara- 
tus for evaluating the deodorizing property; 
Fig. 20 is a graph showing a change in the residual 
concentration of acetaldehyde; and 
Fig. 21 is a schematic diagram of a testing method 
for evaluating peel resistance. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereafter, a more detailed description of the 
present invention will be given by citing embodiments, 
but the present invention is not limited to these embod- 
iments and various modifications are possible within the 
scope of the present invention. 

[Embodiment I] 

(1 ) After a titanium dioxide sol was applied to quartz 
glass by spin coating, it was sintered at 400° C for 
30 minutes to form a film, thereby obtaining a glass/ 
titanium dioxide thin-film architectural material (GT- 

1) . 

(2) By using tile instead of the quartz glass, a tile/ 
titanium dioxide thin-film architectural material (TT) 
was obtained in a manner similar to (1) above. 

(3) In a manner similar to (1) above except that the 
sintering temperature was set at 200°C, a glass/ti- 
tanium dioxide thin-film architectural material (GT- 

2) was obtained. 

(4) In a manner similar to (1) above except that 
strontium titanate (SrTi0 3 ) powder was added to 
the titanium dioxide sol and that the sintering tem- 
perature was set at 200 a C, a glass/titanium dioxide- 
strontium titanate thin-film architectural material 
(GTS) was obtained. 

(5) In a manner similar to (4) above except that ti- 
tanium dioxide powder (P-25) was added to the ti- 
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tanium dioxide sol, a glass/titanium dioxide thin-film 
architectural material (GTT) was obtained. 
(6) 0.01% palladium was carried in the titanium di- 
oxide thin film of (1 ) above, and a glass/titanium di- 
oxide-palladium thin-film architectural material 
(GTP) was obtained. 

[Evaluation Test Examples] 

(1) Evaluation of deodorizing property 

Fig. 1 shows an apparatus for evaluating the deo- 
dorizing property. An architectural material (base) 16 
having thereon a metal-oxide thin film 1 4, which was ob- 
tained in examples (1) to (6) was placed, with the thin- 
film surface facing upward, in the bottom of an experi- 
ment tank (with a 1 -liter capacity) 12 formed of quartz 
glass 10. 5 ppm of acetaldehyde was added inside the 
experiment tank 12, and light was radiated onto the thin 
film 14 for 60 minutes from above the experiment tank 
12 by using a black light (BL) lamp 18 (in the drawing, 
hv represents light energy). The change over time of the 
residual rate (%) of acetaldehyde was determined, and 
the degree of decline in the residual rate was used as a 
measure in the evaluation of the deodorizing property. 
Acetaldehyde is one of the eight offensive odor sub- 
stances designated by the Japanese Offensive Odor 
Control Law. The concentration of the acetaldehyde was 
measured by gas chromatography. In addition, the eval- 
uation of the deodorizing property was also conducted 
by using sunlight instead of the BL lamp 18. 

Example 1 of evaluation of deodorizing property 

By using the glass/titanium dioxide thin-film archi- 
tectural material (GT-1). the deodorizing property was 
evaluated under the conditions of no irradiation, irradi- 
ation by the BL lamp, and irradiation by sunlight. The 
results are shown in Fig. 2. As can be seen from Fig. 2, 
although the acetaldehyde residual rate decreases over 
time, the degree of decline is large in the cases of irra- 
diation by the BL lamp and irradiation by sunlight, which 
shows that the architectural material of the present in- 
vention excels in deodorizing property. 

Example 2 of evaluation of deodorizing property 

By using the tile/titanium dioxide thin-film architec- 
tural material (TT), the deodorizing property was evalu- 
ated under the condition of irradiation by the BL lamp 
(all the evaluations of the deodorizing property de- 
scribed below were made under the same irradiation 
condition). The results are shown in Fig. 3. Whether the 
tile is used or the glass is used, the architectural material 
excels in the deodorizing property. 



Example 3 of evaluation of deodorizing property 

The deodorizing property was evaluated by using 
the respective architectural materials having a thin film 

s formed thereon, including the 400°C sintered glass/tita- 
nium dioxide thin film (GT-1), the 200°C sintered glass/ 
titanium dioxide thin film (GT-2), the 200°C sintered 
glassAitanium dioxide-P-25 thin-film (GTT), and the 
200°C sintered glass/titanium dioxide-SrTi0 3 thin film 

10 (GTS). The results are shown in Fig. 4. Although there 
are slight differences in the effect, it can be recognized 
that the architectural material using any one of the thin 
films excels in the deodorizing property. 

is Example 4 of evaluation of deodorizing property 

The deodorizing property was evaluated by using 
the glass/titanium dioxide-palladium thin-film architec- 
tural material (GTP). The results are shown in Fig. 5. It 
20 can be appreciated that the architectural material mod- 
ified by palladium (Pd) excels in the deodorizing prop- 
erty more than the material not modified by Pd. 

(2) Example of evaluation of antisoiling property 

25 

The glass/titanium dioxide thin-film architectural 
material (GT-1 ) and ordinary glass without a thin film (G) 
were immersed in a water tank for goldfish, and irradi- 
ated by the BL lamp. Consequently, a green alga began 
30 to grow on the surface of G about a week later, but GT- 
1 did not undergo any change at all. This fact shows that 
the antisoiling property of the architectural material with 
the thin film formed thereon in accordance with the 
present invention is excellent. 

35 

(3) Example of evaluation of ultraviolet -ray absorption 
property 

With respect to the glass/titanium dioxide thin-film 
40 architectural material (GT-1 ) and ordinary glass without 
a thin film (G), the ultraviolet-ray absorption spectrum 
was measured by using a spectrophotometer for visible 
and ultraviolet regions in accordance with a usual meth- 
od. The results are shown in Fig. 6. As can be seen from 
45 this drawing, the spectrum of the material with a thin film 
(GT-1) shifted to the long wavelength side by approxi- 
mately 50 nm, and it can be seen that its ultraviolet-ray 
absorption effect is large. 

so [Examples of Use] 

Next, referring to the drawings, a description will be 
given of examples of use of the architectural material 
with the thin film formed thereon in accordance with the 
55 present invention. 
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Example 1 of use 

Fig. 7 shows an example in which the architectural 
material of the present invention is used as as glass for 
an external wall portion. The architectural material of 
glass 20/metal-oxide thin film 1 4 was provided on an ex- 
ternal wall portion as an external wall glass, with the thin- 
film surface facing toward the outdoor side. The thin-film 
surface was irradiated by sunlight 22 from outdoors. In 
addition, artificial light (e.g. light emitted from the BL 
lamp, hereafter the same) may be concurrently applied 
from indoors onto the glass surface, or only the artificial 
light may be radiated thereto without sunlight. Conse- 
quently, mold, contaminants and the like attached to the 
thin-film surface were decomposed and removed. The 
ultraviolet wavelength region of the sunlight was ab- 
sorbed by the glass/thin film. Hence, risk to the human 
body is small, and the deterioration of the interior mate- 
rial inside a building can be prevented. 

Example 2 of use 

Fig. 8 shows another example in which the archi- 
tectural material of the present invention was used as 
glass for an external wall portion. The architectural ma- 
terial with a thin film formed thereon, which was similar 
to that in example 1 of use, was used, and was provided 
on an external wall portion as an external wall glass, with 
the thin-film surface facing indoors. The glass surface 
was irradiated by sunlight 22 from outdoors. In addition, 
artificial light may be used from indoors in the same way 
as in example 1 of use. As a result, the indoor deodor- 
izing effect was verified, and the effects of mold proof- 
ing, antisoiling, and ultraviolet-ray absorption were ob- 
tained in the same way as in example 1 of use. 

Example 3 of use 

Fig. 9 shows still another example in which the ar- 
chitectural material of the present invention was used 
as the glass for an external wall portion. The architec- 
tural material with the metal-oxide thin film 14 formed 
on both sides of the glass 20 was provided on an exter- 
nal wall portion as an external wall glass. The architec- 
tural material was irradiated by sunlight 22 from out- 
doors. Also, artificial light may be used from indoors in 
the same way as in example 1 of use. As a result, the 
effects of examples 1 and 2 of use were verified. 

Example 4 of use 

Fig. 10 shows an example in which the architectural 
material of the present invention was used as glass for 
an interior portion. The architectural material used in ex- 
ample 3 of use was provided on an interior portion. Ar- 
tificial light 24 and/or indirect sunlight was radiated 
thereto irrespective of the direction of radiation. As a re- 
sult, an effect similar to that of example 3 of use was 



verified. 

Example 5 of use 

s Fig. 1 1 shows an example in which the architectural 
material of the present invention was used for an exter- 
nal wall portion or a roof portion. Sunlight 22 was radi- 
ated from outdoors onto the thin -film surface of the ar- 
chitectural material in which the metal-oxide thin film 1 4 

10 was formed on an inorganic external wall material, such 
as tile, concrete, stone, or metal, or an inorganic roofing 
material 26 such as roof tile. Consequently, mold, con- 
taminants and the like attached to the thin-film surface 
were decomposed and removed, or even if they were 

is not completely decomposed, they were easily removed 
by being washed away (by rainwater) or the like. 

Example 6 of use 

20 Fig. 1 2 shows an example in which the architectural 
material of the present invention was used as trim ma- 
terial for the inside of a building. Artificial light 24 and/or 
the sunlight 22 was radiated onto the thin-film surface 
of the architectural material in which the metal-oxide, 
25 transparent thin film 14 similar to that in example 5 of 
use was formed on an inorganic internal wall material, 
a flooring material, a ceiling material or the like 28 using 
tile, concrete, stone, metal, glass or the like. Conse- 
quently, it was possible to verify the effect of deodorizing 
30 the indoor space which was in contact with the thin-film 
surface, the effect of the mold proofing and antisoiling 
of the thin -film surface, and the effect of not impairing 
design features provided on the trim material. This fact 
shows that this architectural material can be effectively 
35 used in a living room, a toilet room or the like which are 
provided with an interior wall material, a flooring mate- 
rial, a ceiling material and the tike. 

Example 7 of use 

40 

Fig. 1 3 shows an example in which the architectural 
material of the present invention was used for an indoor 
deodorizing device. In this device, two sheets of glass 
20/metal-oxide thin film 1 4 architectural material are ar- 

45 ranged with their thin-film forming surfaces facing each 
other, one toward the outdoor side and the other toward 
the indoor side, a gap 30 for passage of indoor air (a 
bad odor or a harmful gas) is provided between the two 
sheets of architectural material. A ventilation fan 32, an 

50 air flow inlet (louver) 34, and an air ventilation port (lou- 
ver) 36 are provided at one end of this gap, while another 
air ventilation port (louver) 36 and an air flow outlet (lou- 
ver) 38 are provided at the other end of the gap. These 
devices are supported by a wall 40 and a floor 42, as 

55 well as the wall 40 and a ceiling 44. The indoor air con- 
tinuously flows into the gap through the inlet 34, and 
flows out to the room's interior through the outlet 38 via 
the gap. Thus, the indoor air circulates (arrows indicate 
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the flow of air). As for this device, the outdoor-side glass 
surface was irradiated by sunlight 22 from outdoors. In 
addition, artificial light may be concurrently radiated on- 
to the indoor-side glass surface, or only artificial light 
may be radiated thereon without using sunlight. As a re- 
sult, the indoor bad odor, or harmful gas was brought 
into contact with the thin films, and was photochemically 
made odorless or harmless, and the effect of efficiently 
deodorizing the interior was obtained. In addition, the 
ultraviolet-ray absorption effect was verified. 

Example 8 of use 

Fig. 14 shows another example in which the archi- 
tectural material of the present invention was used on 
an indoor deodorizing device. The arrangement provid- 
ed was similar to that of example 7 of use except that 
the artificial light source 24 was provided at one end of 
the device and that this device was disposed inside a 
building. Although the artificial light 24 was radiated, 
sunlight may indirectly radiate from outdoors. The effect 
was similar to that of example 7 of use. 

[Embodiment II] 

Hereinafter, a detailed description will be given of a 
second embodiment of the present invention. 

The architectural material in accordance with the 
second embodiment of the present invention is struc- 
tured as follows: The surface region of the architectural 
material includes an outer portion and inner portion. The 
outer portion is substantially formed of a metal mixture 
including a metal oxide which exhibits photocatalytic ac- 
tivity and a second metal for improving the photocata- 
lytic activity of that metal oxide, and the inner portion is 
substantially formed of a metal mixture including a metal 
of the same kind as that which constitutes that metal 
oxide and the second metal for improving the photocat- 
alytic activity of that metal oxide. The outer portion as 
well as the inner portion are formed continuously. 

The metal oxide which is used in this embodiment 
and exhibits the photocatalytic function is not particular- 
ly limited. However, it is possible to cite those substanc- 
es that are disclosed in Japanese Patent Publication No. 
9850/1 990. As specific examples, it is possible to cite 
titanium dioxide, iron oxide, silver oxide, copper oxide, 
tungsten oxide, aluminum oxide, zinc oxide, silicon di- 
oxide, strontium titanate, and other similar compounds. 
It is preferable to use among them titanium dioxide, iron 
oxide, tungsten oxide, zinc oxide, and strontium titanate. 
In particular, titanium dioxide excels in deodorizing and 
antimold effects, is easy to obtain and process, and is 
therefore the most preferable. As the metal constituting 
the metal oxide exhibiting the photocatalytic activity, it 
is possible to cite titanium, iron, silver, copper, alumi- 
num, tungsten, zinc, strontium, and the like. 

In addition, the second metal for improving the pho- 
tocatalytic activity of the metal oxide, i.e., the metal or 



other metal oxide which modifies the metal oxide, is a 
compound which coexists with the metal oxide and is 
capable of forming a site for reduction reaction in the 
photocatalytic reaction. For instance, it is possible to use 

5 at least one compound selected from platinum, palladi- 
um, gold, silver, copper, nickel, rhodium, niobium, tin, 
cobalt, ruthenium oxide, and nickel oxide. As for the 
amount of the second metal to be mixed in, it is prefer- 
able to use the second metal in the range of from 0.01 

10 to 20 wt.% with respect to the metal oxide in the present 
invention. 

In addition, the architectural material in accordance 
with this embodiment of the present invention is prefer- 
ably structured such that the outer portion is substan- 
is tially formed of a metal mixture which is expressed by 
the following general formula (I): 
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[Ti0 2 ] x [TIM y ]v x or [Ti0 2 ] x M 1 . x 



(I) 



(where M represents a metal selected from the group 
consisting of Pt, Au, Pd, Ag, Cu, Ni, and Co; x is such 
that 0.3 <, x < 1 ; and y is an integer peculiar to the metal 
M combining with Ti and is any one of 1 , 2, and 3), 
25 and its inner portion is a metal mixture which is 

expressed by the following general formula (II): 



[Ti] x [TiMJvx or 



(II) 



(where M represents a metal selected from the group 
consisting of Pt, Au, Pd, Ag, Cu, Ni, and Co; x is such 
that 0.3 <, x < 1 ; and y is an integer peculiar to the metal 
M combining with Ti and is any one of 1, 2, and 3). 

In the case of this preferable form, the closer to the 
surface the portion is, the greater its content of titanium 
dioxide [TiO^, and the greater the proportion of titanium 
[Ti]. 

x represents a molar ratio, shows a ratio between 
titanium dioxide or titanium in the metal mixture and the 
metal [M] for improving the catalytic function, and is pref- 
erably 0.7 to 0.9 or thereabouts. 

In this embodiment, titanium dioxide, which is most 
suitable as a substance exhibiting the photocatalytic 
45 function, is used. The metal M for improving the photo- 
catalytic function of titanium dioxide is a metal which is 
suitably used among metals which coexist with titanium 
dioxide and are capable of forming sites for reduction 
reaction in the photocatalytic reaction. These metals are 
generally called precious metals, and elements in 
Groups VIM and lb can be typically cited. Here, the metal 
M is selected from the group consisting of platinum, 
gold, palladium, silver, copper, nickel, and cobalt which 
are highly effective. Among them, platinum, gold, palla- 
dium, and silver are preferable in view of deodorizing 
and antimold effects. Palladium is particularly preferable 
in view of ease of processing and the price. 
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In this embodiment, the word "substantially" is 
meant to include the presence of impurities or mixtures 
to such an extent that it does not impair the advantages 
of the present invention. 

In the outer portion, titanium dioxide and the metal 
M selected from the group of metals, when combined, 
exhibit a structure similar to that of an alloy. In other 
words, the phase consisting of only titanium dioxide and 
the metal M, or the phase consisting of only titanium di- 
oxide and a composite phase consisting of titanium di- 
oxide and the metal M, exhibit a mixed structure (metal 
mixture) in which these metals are finely and uniformly 
dispersed. The closer to the inner portion of this metal 
mixture, the more titanium dioxide in the metal mixture 
is replaced by metal titanium, changing continuously to 
the metal mixture (alloy) consisting of metal titanium and 
the metal M. 

Fig. 1 5 is a cross-sectional view of a model showing 
the state of phase of a metal mixture of the architectural 
material in accordance with the present invention in 
which M is palladium Pd. An outer surface of the archi- 
tectural material includes an outer layer or portion 
formed of Ti0 2 phase 50 and a TiPd 2 phase 54 dis- 
persed on the surface and the vicinity. The T10 2 phase 
exhibits the photocatalytic function, while the TiPd 2 
phase promotes that function. The concentration of Ti0 2 
phase 50 decreases with increasing depth from the sur- 
face, and eventually ends. An inner layer or portion in- 
cludes a Ti phase 52, which is unrelated to the photo- 
catalytic function, which is present at certain depths 
from the outer surface. The concentration of Tl phase 
52 increases with increasing depth from the surface 
and, at a certain depth, and the structure becomes one 
in which the Ti phase 52 and the TiPd 2 phase 54 are 
only present. The changes in concentrations of Ti0 2 
phase 50 and Ti phase 52 are gradual with changing 
depths from the outer surface. 

As described above, since the titanium dioxide/met- 
al phase exhibiting the photocatalytic function and the 
titanium/metal phase serving as a carrier constitute an 
identical architectural material structure, the photocata- 
lytic phase is prevented from peeling off, so that the ar- 
chitectural material is provided with the strength and 
peel resistance necessary for withstanding practical 
use. 

Next, a description will be given of a method of man- 
ufacturing an architectural material. As the manufactur- 
ing method, first, a metal mixture, i.e., an alloy, which 
contains the metal constituting the metal oxide exhibit- 
ing the photocatalytic activity and the second metal for 
improving the photocatalytic activity of the metal oxide, 
is manufactured. After the alloy is processed into a de- 
sired shape, the processed alloy is subjected to oxida- 
tion treatment. The metals which are used are the same 
as those of the above-described architectural material. 

As the metal mixture, a metal mixture, i.e., alloy, 
which is expressed by the following general formula (II) 
is preferably used: 



[Ti)x[TiM y ] 1 . x orri] x M 1 . x (II) 

(where M represents a metal selected from the group 
5 consisting of Pt, Au, Pd, Ag, Cu, Ni, and Co; x is such 
that 0.3 <, x < 1 ; and y is an integer peculiar to the metal 
M combining with Ti and is any one of 1 , 2, and 3). 

The alloy expressed by general formula (II) above 
exhibits at room temperature a mixed structure in which 
10 "the a phase consisting of metal titanium and the metal 
M° are finely and uniformly dispersed, or a mixed struc- 
ture in which "the a phase consisting of metal titanium 
and the composite phase consisting of metal titanium 
and the metal M" are finely and uniformly dispersed, x 
15 represents a molar ratio of titanium dioxide with respect 
to the metal M, while y represents a molar ratio of the 
metal M with respect to metal titanium in the composite 
phase consisting of metal titanium and the metal M. 
The metal mixture (alloy) of such a mixed structure 
20 is manufactured, and after it is processed into a desired 
shape for use such as a sheet or a foil, the metal mixture 
is subjected to oxidation treatment. Before oxidation 
treatment is conducted, pretreatment such as heat treat- 
ment may be carried out. The metal mixture is subjected 
25 to forming, and surface cleaning is then carried out be- 
fore oxidation treatment is provided. In view of the uni- 
formity of treatment and the strength of the photocata- 
lytic phase, it is preferable to conduct anodic oxidation 
treatment in an electrocatalytic solution. If oxidation 
30 treatment is provided, the surface of the "a phase con- 
sisting of metal titanium" is oxidized, thereby making it 
possible to form the titanium dioxide phase. 

Thus, it is readily possible to obtain a rigid photo- 
catalytic phase in which the phase consisting of titanium 
35 dioxide, which plays the role of oxidation decomposition 
reaction in the photocatalytic reaction, and the phase 
consisting of the metal M or the composite phase, con- 
sisting of the metal M and titanium, which plays the role 
of promoting the photocatalytic reaction as a catalyst for 
40 reduction reaction, are finely and uniformly dispersed in 
the alloy surface. 

Example 1 of manufacture 

45 The manufacture of an architectural material consisting 
of a titanium-palladium binary system 

Fig. 16 is a diagram of the state of a titanium-palla- 
dium binary system of a metal mixture. 

50 This is a case where M is Pd in general formula (II). 
Metal mixtures (hereafter referred to as alloys) A, B and 
C were fabricated by being melted with compositions of 
x = 0.9, 0.8, and 0.7, respectively. 

Ingots of the alloys A, B and C were hot rolled into 

55 sheets of 110 mm in width and 2 mm in thickness at 
900° C, and were acid pickled in an aqueous solution of 
5 wt.% fluorine to remove oxide film from their surfaces. 
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Then, they were cut into sizes of a 100 mm square and 
1.6 mm In thickness. 

Fig. 17 is a schematic diagram of an anodic oxida- 
tion treatment apparatus. 

The alloy was connected to an anode 56, while met- 
al aluminum was connected to a cathode 58. An aque- 
ous solution 62 of 1 wt.% phosphoric acid was filled in 
a cell 60. While observing a voltmeter 64 and an amme- 
ter 66 and adjusting the voltage, electric power was sup- 
plied from a dc power supply device 68 so as to effect 
anodic oxidation treatment. That is, the obtained metal 
tile was attached to the anode 56 of the anodic oxidation 
treatment apparatus, and anodic oxidation treatment 
was carried out in the aqueous solution of 1 wt.% phos- 
phoric acid at a voltage of 1 0 to 250 V, thereby oxidizing 
the titanium phase (a phase) in each alloy and forming 
on its surface a titanium dioxide phase having a thick- 
ness of dozens of angstroms to several microns. Thus, 
metal tiles having the deodorizing and antimold func- 
tions were obtained. 

Example 2 of manufacture 

The manufacture of an architectural material consisting 
of a titanium-silver binary system 

Fig. 18 shows a diagram of the state of a titanium- 
silver binary system of a metal mixture. 

This is a case where M is Ag in general formula (II). 
Alloys D and E were fabricated by being melted with 
compositions of x = 0.9 and 0.7, respectively. 

Ingots of the alloys D and E were treated in the 
same manner as in example 1 of manufacture, and met- 
al tiles having the deodorizing and antimold functions 
were obtained. 

Example 5 of evaluation of deodorizing property 
Evaluation of the deodorizing property of metal tiles 

Fig. 1 9 shows a schematic diagram of a testing ap- 
paratus for evaluating the deodorizing property. 

A sample 72 was placed in the bottom of an exper- 
iment tank 70 made of quartz glass. An aldehyde gas 
was supplied to the experiment tank 70 from a standard- 
gas generating device 74 via a gas supply port 76. A 
pressure gage 78 and an agitator 80 were placed in the 
apparatus. The state of the interior was observed by 
means of a gas sensor 82, a hygrothermograph 84, and 
an ultraviolet-ray intensity meter 86. 

The metal tile samples obtained in examples 1 and 
2 of manufacture were placed, with the treated surfaces 
facing upward, in the bottom of the experiment tank 
made of quartz glass in the testing apparatus for evalu- 
ating the deodorizing property. 

5 ppm of aldehyde was introduced into the evaluat- 
ing apparatus through the gas supply port 76, and the 
light was radiated from the BL lamp (black lamp) (not 



shown) from above the evaluating apparatus. The 
change over time of the aldehyde concentration at that 
time was measured by gas chromatography, and the de- 
gree of a decline in the aldehyde residual rate was used 
5 as an index of the deodorizing performance. 

As a comparative sample, an evaluation was simi- 
larly made in which a titanium dioxide-palladium thin film 
obtained by applying an aqueous solution of a titanium 
dioxide sol thereon was formed on a metal tile. 
10 Fig. 20 is a graph showing a change in the residual 
concentration of acetaldehyde. 

In Fig. 20, a represents a curve which shows the 
residual concentration of acetaldehyde in the metal tile 
obtained from the alloy A; and b, c, d, and e represent 
75 curves which show the residual concentrations of 
acetaldehyde in the metal tiles obtained from the alloys 
B, C, D, and E, respectively, f represents a curve which 
shows the residual concentration of acetaldehyde in the 
metal tile obtained from the comparative sample. 

Example 1 of evaluation of peel resistance 

Evaluation of peel resistance of metal tiles 

Fig. 21 shows a schematic diagram of a testing 
method for evaluating peel resistance. 

As shown in Fig. 21, 10 mm-long scars were in- 
scribed at 2-mm intervals in a central portion of the sur- 
face of each sample by using a cutter knife, thereby 
forming 5x5 squares. 

Then, an adhesive tape was attached to a surface 
portion covering the squares. After rubbing sufficiently 
from over the tape, the tape was peeled off, and by mi- 
croscopically observing the cut portions of the sample, 
the number of squares in which the titanium dioxide film 
remained without being peeled off was counted and set 
as a parameter of peel strength. 

As a comparative sample, an evaluation was simi- 
larly made of a titanium dioxide film of 1 ujti in thickness 
formed on a 5-cm-square glass plate by means of spin 
coating. 

In all the metal tiles obtained by subjecting the items 
of the present invention, i.e., the alloys A, B, C, D and 
E, to oxidation treatment, the titanium dioxide film was 
not peeled off, the number of squares remaining intact 
being 25. In the comparative sample, the film was 
peeled off in all the squares, and the result was 0. Thus, 
the metal tiles obtained in accordance with the present 
invention exhibit peel resistance. 

It is known that titanium dioxide produces various 
colors depending on the film thickness thereof. Since 
the thickness of the titanium dioxide film is substantially 
proportional to the anodic oxidation voltage, it is possi- 
ble to obtain metallic architectural materials which pro- 
duce various colors by controlling the oxidation voltage. 
In addition, since the surface phase and the inner phase 
are formed continuously, excellent surface strength is 
exhibited irrespective of the thickness of the titanium di- 
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oxide film. Hence, it is possible to arbitrarily obtain ar- 
chitectural materials which produce colors suited to pur- 
poses by the adjustment of the oxidation voltage, so that 
these architectural materials are preferable in terms of 
design as well. s 

Since the architectural material of the present in- 
vention uses a titanium alloy as its base material, the 
architectural material excels in workability, and a de- 
sired shape can be obtained easily. Since anodic oxida- 
tion permits fine and uniform surface oxidation treat- 10 
ment, an architectural material of a complicated shape 
can be provided with a uniform and excellent photocat- 
alytic capability. 

The architectural material of the present invention 
may be used as it is by processing the metal into an is 
arbitrary shape as described above, or a thin sheet with 
a thin film formed thereon may be formed of alloys in 
advance and subjected to oxidation treatment, and a 
thin-film material thus prepared and displaying the deo- 
dorizing and antimold functions may be joined to a base 20 
material so as to be used. 

As a method of using the architectural material of 
the present invention, the architectural material may be 
used as it is as a metal tile or an interior trim material, 
or the thin sheetAhin film architectural material having a 2s 
combined structure in accordance with the present in- 
vention may be prepared and used by being joined to 
ceramics, mortar, glass, iron plates, aluminum plates, 
and the like which are existing architectural materials. 
Thus, in accordance with the method in which the archi- 30 
tectural material of the present invention is used by be- 
ing joined to existing materials, the reduction in the 
amount of alloys used becomes possible, and it is pos- 
sible to provide architectural materials displaying excel- 
lent deodorizing and antimold functions at low cost. 35 

The architectural material in accordance with the 
present invention offers outstanding advantages in the 
property of deodorizing an indoor space which comes 
in contact with the architectural material and in the an- 
timold property, antisoiling property, and ultraviolet-ray 40 
absorbency of the surface of the architectural material, 
and in the long-term maintenance of these properties 
and economic efficiency, without impairing features of 
design. The architectural material in accordance with a 
second aspect of the present invention has high uni- 45 
formity of material, excels in deodorizing and antimold 
functions, is easy to manufacture, has high strength. 
The material also excels in durability, and facilitates 
processing into a shape suited to a purpose. Further- 
more, in accordance with the manufacturing method in so 
accordance with the present invention, it is possible to 
readily obtain an architectural material of a desired 
shape, which is uniform and has superior deodorizing 
and antimold effects. 

The features disclosed in the foregoing description, 55 
in the claims and/or in the accompanying drawings may, 
both separately and in any combination thereof, be ma- 
terial for realising the invention in diverse forms thereof. 



However, the scope of the invention is determined by 
the appended claims only. 



Claims 

1. An architectural material, comprising 

a base (1 6) having a light-receiving surface and 
used as an architectural material; and 

at least one metal-oxide thin film (14) selected 
from the group consisting of titanium dioxide, 
iron oxide, silver oxide, copper oxide, tungsten 
oxide, aluminum oxide, silicon oxide, zinc ox- 
ide, and strontium titanate, said at least one 
metal-oxide thin film (14) being formed on a sur- 
face of said base (16), 

characterized in that the architectural material 
(16) includes an external wall material, a roof ma- 
terial, an internal wall material, a flooring material, 
or a ceiling material, and is glass, tile, roof tile, con- 
crete, stone, metal or composite material thereof; 
and 

said at least one metal-oxide thin film (14) ex- 
hibits photocatalytic activity. 

2. An architectural material according to claim 1 , char- 
acterized in that said thin film (1 4) is formed by coat- 
ing quartz glass or tile, having the light-receiving 
surface with a titatium oxide sol, and by sintering 
the same. 

3. An architectural material according to claim 1 , char- 
acterized in that said thin film (1 4) is formed by coat- 
ing quartz glass or tile, having the light-receiving 
surface with a titanium oxide sol with titanium diox- 
ide powder added thereto, and by sintering the 
same. 

4. An architectural material according to claim 3, char- 
acterized in that palladium is carried in the thin film 
(14) of the titanium oxide sol. 

5. An architectural material including a surface and its 
vicinity which are substantially formed of a meta! 
mixture including a metal oxide (50), 

characterized in that said architectural mate- 
rial (16) includes an external wall material, a roof 
material, an internal wall material, a flooring mate- 
rial or a ceiling material, 

said metal oxide exhibits photocatalytic activity, 
and 

said metal mixture includes a second metal (54) 
for improving the photocatalytic activity of said 
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9. An architectural material according to Claim 5, 
wherein said metal oxide is at least one compound 
selected from the group consisting of titanium diox- 
ide, iron oxide, silver oxide, copper oxide, tungsten 

5 oxide, aluminum oxide, silicon oxide, zinc oxide, 
and strontium titanate. 

1 0. A method of manufacturing an architectural materi- 
al according to Claim 8, wherein said metal consti- 

10 tuting said metal oxide exhibiting the photocatalytic 
activity is selected from the group consisting of tita- 
nium, iron, silver, copper, aluminum, tungsten, zinc, 
and strontium. 

is 1 1 . A method of manufacturing an architectural materi- 
al according to Claim 8, wherein said second metal 
for improving the photocatalytic activity of said met- 
al oxide is selected from the group consisting of 
platinum, gold, palladium, silver, copper, nickel, rho- 

20 dium, niobium, tin, and cobalt. 



metal oxide, 

said architectural material (16) includes an in- 
ner portion which is substantially formed of a 
metal mixture including a metal (52) of the 
same kind as that which constitutes said metal 
oxide and said second metal for improving the 
photocatalytic activity of said metal oxide, and 
said surface and its vicinity as well as said inner 
portion are formed continuously 

6. An architectural material according to Claim 5, 
wherein said surface and its vicinity are substantial- 
ly formed of a metal mixture which is expressed by 
the following general formula (I): 

[Ti0 2 ] x ITiMy]^ or m0 2 ] x lvV x (I) 

where M represents a metal selected from the 
group consisting of Pt, Au, Pd, Ag, Cu, Ni, and Co; 
x is such that 0.3 < x < 1 ; and y is an integer peculiar 
to said metal M combining with Ti and is any one of 
1,2, and 3, 

and said inner portion is a metal mixture which 
is expressed by the following general formula (II): 

[TilxtTiMyl^orrritM!^ (II) 

where M represents a metal selected from the 
group consisting of Pt, Au, Pd, Ag, Cu, Ni, and Co; 
x is such that 0.3 <, x < 1 ; and y is an integer peculiar 
to said metal M combining with Ti and is any one of 
1,2, and 3. 

7. An architectural material according to Claim 5, 
wherein said surface and its vicinity are substantial- 
ly formed of a metal mixture including titanium oxide 
and palladium, and said inner portion is substantial- 
ly formed of a metal mixture including titanium and 
palladium, and said surface and its vicinity as well 
as said inner portion being formed continuously. 

8. A method of manufacturing an architectural materi- 
al, comprising the steps of: 

fabricating a metal mixture including a metai 
constituting a metal oxide (50) exhibiting pho- 
tocatalytic activity and a second metal (54) for 
improving the photocatalytic activity of said 
metal oxide; 

processing said metal mixture into a desired 
shape; and 

subjecting said processed metal mixture to ox- 
idation treatment. 



1 2. A method of manufacturing an architectural materi- 
al according to Claim 8, wherein said metal mixture 
is expressed by the following general formula (II): 

25 

[Ti] x [TiMyJ^jj or [Ti] x M 1 . x (II) 

where M represents a metal selected from the 
30 group consisting of Pt, Au, Pd, Ag, Cu, Ni, and Co; 
x is such that 0.3 < x < 1 ; and y is an integer peculiar 
to said metal M combining with Ti and is any one of 
1, 2, and 3. 

35 13. A method of manufacturing an architectural materi- 
al according to Claim 8, wherein a metal mixture in- 
cluding titanium and palladium is fabricated, and af- 
ter said metal mixture is formed into a desired 
shape, said metal mixture is subjected to anodic ox- 

40 idation treatment. 

14. A method of manufacturing an architectural materi- 
al according to Claim 8, wherein a metal mixture in- 
cluding titanium and palladium is fabricated, and af- 
45 ter said metal mixture is formed into the shape of a 
thin film, said metal mixture is subjected to anodic 
oxidation treatment, and is bonded to the surface of 
a desired architectural material. 



1. Baumaterial, umfassend 

eine Basis (16), die eine lichtempfangende 
Oberflache aufweist und als ein Baumaterial 
verwendet ist; und 
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zumindest einen dunnen Metalloxidfilm (14), 
ausgewahlt aus der Gruppe, bestehend aus Ti- 
tandioxid, Eisenoxid, Silberoxid, Kupferoxid, 
Wolframoxid, Aluminiumoxid, Siliziumoxid, 
Zinkoxid und Strontiumtitanat, wobei besagter 5 
zumindest eine dunne Metalloxidfilm (14) auf 
einer Oberflache besagter Basis (16) ausgebil- 
det ist, 

dadurch gekennzeichnet, daB das Baumaterial (16) 10 
ein Au Gen wandmate rial, ein Dach mate rial, ein In- 
nenwandmaterial, ein Bodenmaterial Oder ein Dek- 
kenmaterial enthalt und Glas, Keramikplattenmate- 
rial, Dachziegelmaterial, Stein, Metal! Oder ein dar- 
aus zusammengesetztes Material ist; und is 
besagter zumindest eine dunne Metalloxidfilm (14) 
photokatalytische Wirkung aufweist. 

2. Baumaterial nach Anspruch 1, dadurch gekenn- 
zeichnet, daB besagter dunne Film (10) durch Be- 20 
schichten von Quarzglas Oder Keramikplattenma- 
terial, aufweisend eine lichtempfangende Oberfla- 
che, mit einem Titanoxidsol, und durch Sintern des- 
selben ausgebildet ist 

25 

3. Baumaterial nach Anspruch 1, dadurch gekenn- 
; zeichnet, daB besagter dOnne Film (14) durch Be- 

schichten von Quarzglas Oder Keramikplattenma- 
terial, aufweisend ein lichtempfangende Oberfla- 
che, mit einem Titanoxidsol, mit dazu hinzugefug- 30 
tern Titandioxidpuder, und durch Sintern desselben 
ausgebildet ist. 

4. Baumaterial nach Anspruch 3, dadurch gekenn- 
zeichnet, daB Palladium in dem dunnen Film (14) 35 
des Titanoxidsols getragen ist. 

5. Baumaterial, enthaltend eine Oberflache und ihre 
Umgebung, die im wesentlichen aus einer Metall- 
mischung ausgebildet sind, die ein Metalloxid (50) *o 
enthalt, 

dadurch gekennzeichnet, daB besagtes Baumate- 
rial (16) ein AuBenwandmaterial, ein Dachmaterial, 
ein Innenwandmaterial, ein Bodenmaterial oder ein 
Decken material enthalt, 45 

wobei besagtes Metalloxid photokatalytische 
Wirkung aufweist, und 

besagte Metallmischung ein zweites Metall so 
(54) zum Verbessern der photokatalytischen 
Wirkung besagten Metalloxids enthalt, 

besagtes Baumaterial (16) einen Innenbereich 
enthalt, der im wesentlichen aus einer Metall- 5 $ 
mischung ausgebildet ist, die ein Metall (52) der 
gleichen Art wie das enthalt, das besagtes Me- 
talloxid und besagtes zweite Metall zum Ver- 



bessern der photokatalytischen Wirkung be- 
sagten Metalloxids bildet, und besagte Oberfla- 
che und ihre Umgebung sowie besagter Innen- 
bereich kontinuierlich ausgebildet sind. 

6. Baumaterial nach Anspruch 5, wobei besagte Ober- 
flache und ihre Umgebung im wesentlichen aus ei- 
ner Metallmischung ausgebildet sind, die durch die 
folgende allgemeine Formel (I) ausgedruckt 1st: 

[Ti0 2 ] x [TMyli-x Oder [Ti0 2 ] x M x . 1 (I), 

wobei M ein Metall darstellt, ausgewahlt aus der 
Gruppe, bestehend aus Pt, Au, Pd, Ag, Cu, Ni und 
Co; wobei x so ist, daB 0,3 <, x < 1 ; und wobei y eine 
ganze Zahl ist, die fur besagtes Metall M, sich ver- 
bindend mit Ti, eigen ist und 1 , 2 oder 3 betragt, 
und besagter Innenbereich eine Metallmischung 
ist, die durch die folgende allgemeine Formel (II) 
ausgedruckt ist: 

P"i] x [TiMy]^ Oder [Ti] x M t . x (II), 

wobei M ein Metall darstellt, ausgewahlt aus der 
Gruppe, bestehend aus Pt, Au, Pd, Ag, Cu, Ni und 
Co; wobei x so ist, daB 0,3 ^x < 1 ; und wobei y eine 
ganze Zahl ist, die fur besagtes Metall M, sich ver- 
bindend mit Ti, eigen ist und 1 , 2 oder 3 betragt. 

7. Baumaterial nach Anspruch 5, wobei besagte Ober- 
flache und ihre Umgebung im wesentlichen aus ei- 
ner Materialmischung ausgebildet sind, enthaltend 
Tltanoxid und Palladium, und besagter Innenbe- 
reich im wesentlichen aus einer Metallmischung 
ausgebildet ist, enthaltend Titan und Palladium, und 
besagte Oberflache und ihre Umgebung sowie be- 
sagter Innenbereich kontinuierlich ausgeformt sind. 

8. Verfahren zum Herstellen eines Baumaterials, um- 
fassend die folgenden Schritte: 

Herstellen einer Metallmischung, enthaltend 
ein Metall, bildend ein Metalloxid (50), aufwei- 
send eine photokatalytische Wirkung, und ein 
zweites Metall (54) zum Verbessern der photo- 
katalytischen Wirkung besagten Metalloxids; 

Verarbeiten besagter Metallmischung in eine 
gewunschte Form; und 

Aussetzen besagter verarbeiteten Metallmi- 
schung einer Oxidationsbehandlung. 

9. Baumaterial nach Anspruch 5, wobei besagtes Me- 
talloxid zumindest eine Verbindung ist, ausgewahlt 
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aus der Gruppe, bestehend aus Titandioxid, Eisen- 
oxid, Siiberoxid, Kupferoxid, Wolframoxid, Alumini- 
umoxid, Siliziumoxid, Zinkoxid und Strontiumtita- 
nat. 

5 

10. Verfahren zum Herstellen eines Baumaterials nach 
Anspruch 8, wobei besagtes Metal!, bildend besag- 
tes Metalloxid, aufweisend die photokatalytische 
Wirkung, ausgewahlt wird aus der Gruppe, beste- 
hend aus Titan, Eisen, Silber, Kupfer, Aluminium, 10 
Wolfram, Zink und Strontium. 

11. Verfahren zum Herstellen eines Baumaterials nach 
Anspruch 8, wobei besagtes zweite Metall zum Ver- 
bessern der photokatalytischen Wirkung besagten is 
Metailoxids ausgewahlt wird aus der Gruppe, be- 
stehend aus Platin, Gold, Palladium, Silber, Kupfer, 
Nickel, Rhodium, Niobium, Zinn und Kobalt. 

12. Verfahren zum Herstellen eines Baumaterials nach 20 
Anspruch B, wobei besagte Metallmischung durch 

die folgende allgemeine Formel (II) ausgedruckt ist: 2. 

[Ti] x [TiMy]^ Oder JJ\] X M,. X (II), 2S 

wobei M ein Metall darstellt, ausgewahlt aus der 
Gruppe, bestehend aus Pt, Au, Pd, Ag, Cu, Ni und 3. 
Co; wobei x so ist, daG 0,3 < x < 1 ; und wobei y eine 
ganze Zahl ist, die fur besagtes Metall M, sich ver- 30 
bindend mit Ti, eigen ist und 1 , 2 oder 3 betragt. 

13. Verfahren zum Herstellen eines Baumaterials nach 
Anspruch 8, wobei eine Metallmischung, enthal- 

tend Titan und Palladium, hergestellt wird, und, 35 4. 
nachdem besagte Metallmischung in eine ge- 
wOnschte Form ausgebildet ist, besagte Metallmi- 
schung einer anodischen Oxidationsbehandlung 
ausgesetzt wird. 5. 

40 

14. Verfahren zum Herstellen eines Baumaterials nach 
Anspruch 8, wobei eine Metallmischung, enthal- 
tend Titan und Palladium, hergestellt wird, und, 
nachdem besagte Metallmischung in die Form ei- 
nes dunnen Films ausgebildet ist, besagte Metall- 45 
mischung einer anodischen Oxidationsbehandlung 
ausgesetzt und mit der Oberflache eines ge- 
wunschten Baumaterials verbunden wird. 



Revendications 

1. Un materiau de construction, comprenant 

une base (16) ayant une surface r6ceptrice de 55 
lumiere et utilisee comme materiau de 
construction ; et 



au moins une couche mince d'oxyde metallique 
(1 4), choisie dans le groupe forme par le bioxy- 
de de titan e, I'oxyde de fer, I'oxyde d'argent, 
I'oxyde de cuivre, I'oxyde de tungstene, Poxyde 
d'aluminium, I'oxyde desilicium, I'oxyde dezinc 
et le titanate de strontium, ladite au moins une 
couche mince d'oxyde metallique (1 4) etant for- 
mee sur une surface de ladite base (16), 

caracterise en ce que 

le materiau de construction (1 6) est un mate- 
riau de mur exterieur, un materiau de toiture, 
un materiau de mur interieur, un materiau de 
plancher ou un materiau de plafond, et consiste 
en verre, carreau, tuile, beton, pierre, metal ou 
en un materiau composite de ceux-ci ; et 
ladite au moins une couche mince d'oxyde me- 
tallique (14) ptesente une activite photocataly- 
tique. 

Un materiau de construction selon la revendication 
1, caracterise en ce que ladite couche mince (14) 
estformee en revetant du verre de quartz ou un car- 
reau, ayant la surface r6ceptrice de lumiere, avec 
un sol d'oxyde de titane, et en le f rittant. 

Un materiau de construction selon la revendication 
1, caracterise en ce que ladite couche mince (14) 
est fornrtee en revdtant du verre de quartz ou un car- 
reau, ayant la surface r6ceptrice de lumiere, avec 
un sol d'oxyde de titane auquel a ete ajoutee une 
poudre de bioxyde de titane, et en le frittant. 

Un materiau de construction selon la revendication 
3, caracterise en ce que du palladium est porte dans 
la couche mince (14) du sol d'oxyde de titane. 

Un materiau de construction dont une surface et 
son voisinage sont formes substantiellement d'un 
melange de m6taux comprenant un oxyde metalli- 
que (50), 

caracterise en ce que iedit materiau de cons- 
truction (1 6) est un materiau de mur exterieur, un 
materiau de toiture, un materiau de mur interieur, 
un materiau de plancher ou un materiau de plafond, 

Iedit oxyde metallique pr6sente une activite 
photocatalytique, et 

Iedit melange de m6taux comprend un second 
m6tal (54) servant a anrteliorer I'activite photo- 
catalytique dudit oxyde metallique, 
Iedit materiau de construction (16) comprend 
une partie interieure qui est formee substantiel- 
lement d'un melange de m6taux comprenant 
un metal (52) de la m§me espece que celui qui 
constitue Iedit oxyde metallique et Iedit second 
metal servant a ameiiorer I'activite photocata- 
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lytique dudit oxyde metallique, et ladite surface 
et son voisinage ainsi que ladite partie interieu- 
re sont formes en continuity. 

Un materiau de construction selon la revendication 5 
5, dans lequel ladite surface et son voisinage sont 
formes substantiellement d'un melange de metaux 
qui est exprime par laformule generale (I) suivante : 

[Ti0 2 ] x [TiM y ] 1 . x ouri0 2 ] x M 1 . x (I) " 

ou M repr6sente un metal choisi dans le groupe for- 
me par Pt, Au, Pd, Ag, Cu, Ni et Co ; x est tel que 
0,3 <, x < 1 ; et y est un nombre entier propre audit 15 
metal M combine a Ti et est Tun quelconque de 1 , 
2 et 3, 

et ladite partie interieure est un melange de 
metaux qui est exprime par la formule generale (II) 
suivante : 20 

[Ti] x [Tilvy^ ou [TilxM^ (II) 

ou M represente un metal choisi dans le groupe for- 25 
me par Pt, Au, Pd, Ag, Cu, Ni et Co ; x est tel que 
0,3 £ x < 1 ; et y est un nombre entier propre audit 
metal M combine a Ti et est Tun quelconque de 1 , 
2 et 3. 

30 

Un materiau de construction selon la revendication 
5, dans lequel ladite surface et son voisinage sont 
formes substantiellement d'un melange de metaux 
comprenant de I'oxyde de titane et du palladium, et 
ladite partie interieure est f ormee substantiellement 55 
d'un melange de metaux comprenant du titane et 
du palladium, et ladite surface et son voisinage ainsi 
que ladite partie interieure sont formes en continui- 
ty 

40 

Un proced6 de fabrication d'un materiau de cons- 
truction, comprenant les etapes suivantes : 

preparer un melange de metaux comprenant 
un metal constrtuant un oxyde metallique (50) 45 
presentant une activity photocatalytique et un 
second metal (54) servant a anrteliorer ('activity 
photocatalytique dudit oxyde metallique ; 
faconner ledit melange de metaux en une for- 
me souhaitee ; et 50 
soumettre ledit melange de metaux faconne a 
un traitement d'oxydation. 

Un materiau de construction selon la revendication 
5, dans lequel ledit oxyde metallique est au moins 55 
un compose choisi dans le groupe forme par le 
bioxyde de titane, I'oxyde de fer, I'oxyde d'argent, 



I'oxyde de cuivre, I'oxyde de tungstene, I'oxyde 
d'aluminium, I'oxyde de silicium, I'oxyde de zinc et 
le titanate de strontium. 

10. Un proc6d6 de fabrication d'un materiau de cons- 
truction selon la revendication 8, dans lequel ledit 
metal constituant ledit oxyde metallique presentant 
I'activite photocatalytique est choisi dans le groupe 
forme par le titane, le fer, Pargent, le cuivre, I'alumi- 
nium, le tungstene, le zinc et le strontium. 

11. Un procecle de fabrication d'un materiau de cons- 
truction selon !a revendication 8, dans lequel ledit 
second metal servant a ameliorer I'activite photoca- 
talytique dudit oxyde metallique est choisi dans le 
groupe forme par le platine, I'or, le palladium, I'ar- 
gent, le cuivre, le nickel, le rhodium, le niobium, 
retain et le cobalt. 

12. Un precede de fabrication d'un materiau de cons- 
truction selon la revendication 8, dans lequel ledit 
melange de metaux est exprime par la formule ge- 
nerate (II) suivante : 

[Ti] x [TiMy]^ ou [TilxMi-x (") 

ou M repr6sente un metal choisi dans le groupe for- 
me par Pt, Au, Pd, Ag, Cu, Ni et Co ; x est tel que 
0,3 £ x < 1 ; et y est un nombre entier propre audit 
metal M combine a Ti et est Tun quelconque de 1 , 
2 et 3. 

1 3. Un proc6d6 de fabrication d'un materiau de cons- 
truction selon la revendication 8, dans lequel un me- 
lange de metaux comprenant du titane et du palla- 
dium est prepare et, apres que ledit melange de me- 
taux a 6t6 faconne en une forme souhaitee, ledit 
melange de metaux est soumis a un traitement 
d'oxydation anodique. 

14. Un precede de fabrication d'un materiau de cons- 
truction selon la revendication 8, dans lequel un me- 
lange de metaux comprenant du titane et du palla- 
dium est prepare, et apres que ledit melange de me- 
taux a 6t6 faconne en une couche mince, ledit me- 
lange de metaux est soumis a un traitement d'oxy- 
dation anodique et il est Ii6 a la surface d'un mate- 
riau de construction desire. 
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FIG. 2 
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FIG. 5 
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FIG. 7 
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FIG. 13 
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FIG. 16 
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FIG. 17 
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